The sera of patients with autoimmune (AI) diseases contain antibodies with DNase and RNase activities. We have shown for the first time that immunization of healthy rabbits with RNase A conjugated with BSA produces a better immune response than immunization with pure RNase and induced IgGs with RNase and DNase activities, which were intrinsic properties of IgGs, while polyclonal IgGs (pIgGs) from non-immunized rabbits and animals immunized with BSA were catalytically inactive. It was shown that 74-85% of the total IgG DNase and RNase activities belongs to anti-idiotypic antibodies to RNase A (0.6-0.8% of total pIgGs), while 15-26% of the activities cannot interact with Sepharose-bearing antibodies against RNase A and may be antibodies to nucleic acids bound to RNase. Affinity chromatography on DNA-cellulose separated catalytic IgGs into several antibody subfractions demonstrating only DNase or RNase activity or hydrolyzing RNA faster than DNA. Our data suggest that a fraction of abzymes (or catalytically active antibodies) from AI patients hydrolyzing both DNA and RNA may be antibodies against RNase or its complexes with other proteins.
Introduction
The occurrence of auto-antibodies and abzymes (Abzs or catalytically active antibodies) is a distinctive feature of autoimmune (AI) diseases [reviewed in (1) (2) (3) (4) (5) ]. Natural Abzshydrolyzing DNA, RNA, polysaccharides, oligopeptides and proteins are described from the sera of patients with several AI [systemic lupus erythematosus (SLE), Hashimoto's thyroiditis, polyarthritis, multiple sclerosis, asthma, rheumatoid arthritis, etc.] and viral diseases with a pronounced immune system disturbance (viral hepatitis and AIDS) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . Healthy humans and patients with many diseases with insignificant AI reactions usually lack Abzs or develop Abzs with very low catalytic activities, these activities often on a borderline of the sensitivity of detection methods (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) .
There are two general ways in which Abzs with different enzymic activities may appear in various AI diseases. First, similarly to artificial Abzs against analogs of transition states of catalytic reactions (1) , naturally occurring Abzs may be antibodies raised directly against the enzyme substrates acting as haptens, which, complexed with different proteins, could mimic transition states of catalytic reactions (2) (3) (4) (5) . For example, Abzs-hydrolyzing vasoactive intestinal peptide and thyroglobulin in the sera of patients with asthma and Hashimoto's thyroiditis, respectively, are antibodies against these proteins (6, 8) . Many SLE anti-DNA antibodies are directed against DNA in the complexes with proteins, including complexes with histones appearing as a result of internucleosomal cleavage during apoptosis (12) . These antibodies can possess DNase activity (5) .
On the other hand, anti-idiotypic antibodies can be induced in AI diseases by a primary antigen and may show some of its features including the catalytic activity (13, 14) . If an idiotypic Ig is directed against the active center of an enzyme, the respective site of an anti-idiotypic antibody may display features of an 'internal image' of the original active center. The remarkable property of idiotypic mimicry has been exploited to develop monoclonal anti-idiotypic Abzs with acetylcholinesterase (15, 16) , carboxypeptidase (17, 18) and b-lactamase-like (19) activities.
A catalytic antibody capable of degrading the active site of urease from Helicobacter pylori and eradicating the bacterial infection in a mouse stomach was successfully developed (20) . This mAb was generated by immunization with a designed recombinant protein UreB, which contained the crucial region of the active site of H. pylori urease beta subunit. The isolated light chain of this antibody possesses proteolytic activity that substantially degrades both UreB and the intact urease.
It was suggested that some DNase Abzs of SLE patients are anti-idiotypic Abzs to topoisomerase I (21) . Idiotypic antibody 1 was obtained by immunization of rabbit with DNase I (22) . Then, antibody 1 was used to elicit a polyclonal antiidiotypic antibody 2, which was able to hydrolyze DNA, indicating the existence of internal images mimicking the enzymic activity of DNase I. Overall, it is reasonable to believe that polyclonal DNase Abzs of AI patients may be a cocktail of antibodies against complexes of DNA with proteins and antiidiotypic Abzs to different DNA-hydrolyzing enzymes (2) (3) (4) (5) .
Canonical DNases hydrolyze only DNA and are inactive in the hydrolysis of RNA, while RNases cannot hydrolyze DNA. Interestingly, the same polyclonal IgGs (pIgGs), IgAs and IgMs from the sera of patients with several studied AI and viral diseases (10, 11, 23, 24) or human milk (25, 26) possess both DNase and RNase activities and their relative activity (RA) in the hydrolysis of RNA is often significantly higher than in the hydrolysis of DNA. Several monoclonal mouse SLE IgGs against B-DNA of different sequences (27) efficiently hydrolyze single-and double-stranded DNA and RNA in a sequence-independent manner, with hydrolysis of RNA being ;30-to 100-fold faster than DNAs. At the same time, no data are available regarding the nature of RNase Abzs, which can in principle be antibodies to RNA or DNA or anti-idiotypic antibodies to different DNA-or RNA-hydrolyzing enzymes.
Here, we present the first evidence that immunization of rabbits with pancreatic RNase (pRNase) and its conjugates with BSA leads to a production of IgGs efficiently hydrolyzing both RNA and DNA.
Methods

Chemicals
Most chemicals, proteins and Protein A-Sepharose were from Sigma or Pharmacia. Glutaraldehyde-cross-linked DNA-cellulose was from NIKTI BAV (Berdsk, Russia).
Immunization of rabbits
Healthy rabbits at 3 months of age were immunized with 0.5 mg of electrophoretically homogeneous bovine pRNase in saline (0.85% NaCl and 0.02 M NaH 2 PO 4 , pH 7.2) or 0.5 mg of RNase cross-linked with 1.0 mg of BSA by 1-cyclohexyl-3-(2-morpholinoethyl) carbodiimide metho-p-toluenesulfonate. Mixtures of these solutions with CFA (1:1) were stirred to form a homogeneous gel and were injected subcutaneously and into paw pads. The second immunizations with a mixture of RNase or its conjugate with BSA and incomplete Freund's adjuvant were performed after 21 days and followed by two additional immunizations at 7-day intervals. The blood of the rabbits was taken from the auricular artery and used for the antibody analysis 2.7 months after the first immunization. The blood of non-immunized rabbits and animals immunized in the same way with a mixture of Freund's adjuvant and 1 mg BSA was used as controls.
IgG purification
Electrophoretically and immunologically homogeneous IgG were obtained similarly to Andrievskaya et al. (23, 24) , Buneva et al. (25) and Nevinsky et al. (26) with some modifications. The blood serum was prepared by addition of 4% sodium citrate to blood samples (10 ml, one-fourth of the blood volume) and removal of cells by centrifugation (2000 r.p.m., 10 min). Proteins were precipitated with ammonium sulfate (50% saturation). The mixture obtained (10 ml) was centrifuged, the pellet was dissolved in Tris-buffered saline (TBS) (10 ml; 0.15 M NaCl and 20 mM Tris-HCl, pH 7.5) and dialyzed for 12 h at 4°C against 200 ml of the same buffer. The solution (10 ml) was loaded on a Protein A-Sepharose column (10 ml) equilibrated in TBS containing 0.3 M NaCl and the column was washed with TBS to zero optical density. Proteins adsorbed non-specifically were eluted with the same buffer supplemented with 1% Triton X-100 and 0.3 M NaCl. The total IgG + IgM + IgA fraction was eluted in 40 mM glycine-HCl (pH 2.6), the column fractions were collected to cooled tubes containing 50 ll of 0.5 M Tris-HCl (pH 9.0) and finally each fraction was additionally neutralized with this buffer and dialyzed against 10 mM Tris-HCl (pH 7.5) containing 0.1 M KCl. The protein corresponding to the central part of the IgG peak was concentrated and used in further purification.
IgGs were separated from IgAs and IgMs by FPLC gel filtration of the total antibody fraction on a Superdex 200 HR 10/30 column (GE Healthcare, New York, NY, USA) equilibrated with TBS using the BioCAD workstation (Applied Biosystems, Foster City, CA, USA) analogously to human IgGs as described previously (23) (24) (25) (26) . Before gel filtration, the Ig samples were incubated in TBS containing 2.5 M MgCl 2 for 30 min at 20°C. TBS containing 3 M MgCl 2 (3 ml, 'salt cushion') was applied to the column before the samples. The antibodies were eluted with TBS. The type of antibodies (sIgA, IgG or IgM) in the fractions during different chromatographies was determined by western blotting on a nitrocellulose membrane as described previously (25) . In order to protect the antibody preparations from bacterial contamination, they were filtered through a Millex filter (pore size 0.2 lm). After 1-2 weeks of storage at 4°C for refolding, the antibodies were used in activity assays as described below. To exclude possible artifacts due to hypothetical traces of contaminating enzymes, the IgG was analyzed using an ingel assay (see below). Chromatography of the purified IgGs on Sepharose-bearing mouse IgGs against rabbit IgGs was performed in the same way as the chromatography on Protein A-Sepharose (see above).
DNA-hydrolyzing activity assay
pIgG DNase activity was analyzed using plasmid pBluescript supercoiled (sc) DNA as in (23) (24) (25) (26) . The reaction mixture (20 ll) contained 13.3 lg ml À1 (4.43 nM) DNA, 5 mM MgCl 2 , 1 mM EDTA, 50 mM Tris-HCl, pH 7.5, and 0.01-0.2 mg ml À1 of pIgGs and was incubated for 6-24 h (standard time 18 h) at 30°C. The cleavage products were analyzed by electrophoresis in 0.8% agarose gels, which were stained with ethidium bromide. The IgG activities were determined from the scanning data as a fraction of relaxed DNA, corrected for the control (incubation of DNA in the absence of antibodies). All measurements (initial rates) were taken within the linear regions of the time courses (15-40% of DNA hydrolysis; ;95 to 100% of cleaved DNA molecules containing one break per plasmid).
RNA-hydrolyzing activity assay
RNase activity was analyzed using 0. 
Chromatography of antibodies on DNA-cellulose
Electrophoretically homogeneous IgGs were loaded onto a DNA-cellulose column (3 ml) equilibrated with 50 mM Tris-HCl (pH 7.5) and the column was washed with the same buffer to zero optical density. The proteins were eluted with the same buffer containing different concentrations of NaCl (0.1-3 M) and then with 50 mM glycine-HCl, pH 2.6, as in Buneva et al. (25) . IgGs were collected, dialyzed against 10 mM Tris-HCl, pH 7.5, containing 0.1 M NaCl and 6 or 100 ll of each fraction was used, respectively, in the DNase and RNase activity assay (see below).
In situ assays of RNase and DNase in SDS-PAGE gels SDS-PAGE analysis of antibodies for homogeneity under non-reducing and reducing conditions was done in 4-15% gradient gels; for chain separation, the PAGE was performed in reducing conditions (0.1% SDS and 10 mM dithiothreitol) and the polypeptides were visualized by silver staining (23) (24) (25) (26) . RNase and DNase activity of IgGs was determined in situ after separation of proteins in 4-15% gradient SDS-PAGE gels containing 40 lg ml À1 yeast RNA or 3 lg ml À1 calf thymus DNA similar to Andrievskaya et al. (23, 24) , Buneva et al. (25) and Nevinsky et al. (26) . For analysis of RNase activity after PAGE, the gels were washed for 4 h in 20 mM Tris-HCl, pH 7.5, containing 0.1% Triton X-100 to remove SDS and then incubated for 4 days at 30°C in 40 mM TrisHCl buffer, pH 7.5, to allow protein refolding. To remove SDS from DNA-containing gel, they were washed at 25°C for 4 h in 40 mM Tris-HCl, pH 7.5, containing 0.1% Triton X-100, 4 mM MgCl 2 and 0.2 mM CaCl 2 and then incubated in the same buffer containing 0.1 mM CaCl 2 but without Triton X-100 during 2 h followed with a fresh portion of the same buffer for 3 days at 30°C. To visualize the regions of DNA or RNA hydrolysis, the gels were stained with ethidium bromide (23) (24) (25) (26) . The parallel longitudinal slices were used to detect the position of IgG in the gel by Coomassie R250 staining.
Affinity chromatography on Sepharose-bearing RNase and antibodies against RNase
RNase-Sepharose was obtained by immobilizing 1.7 mg of electrophoretically homogeneous bovine pRNase A crosslinked with BSA per milliliter of BrCN-activated Sepharose (GE Healthcare) according to the manufacturer's protocol of Pharmacia. Purified IgGs (10 mg) were chromatographed on RNase-Sepharose (3 ml) equilibrated with 50 mM TrisHCl (pH 7.5), the column was washed with the same buffer to zero optical density. The IgGs possessing affinity for RNase were eluted with the same buffer containing 3 M MgCl 2 . Purified idiotypic IgGs (0.33 mg) were collected and dialyzed against 20 mM Tris-HCl (pH 7.5), containing 0.1 M NaCl, then 0.1 M NaCl and finally 0.1 M NaHCO 3 . The preparations were concentrated and used to prepare Sepharosebearing immobilized antibodies against RNase similarly to RNase-Sepharose as described above.
To obtain anti-idiotypic antibodies, 9.6 mg of purified rabbit IgGs were chromatographed on anti-RNase-Sepharose (1 ml) equilibrated with 20 mM Tris-HCl (pH 7.5) and the column was washed with the same buffer to zero optical density. IgGs bound to the sorbent were eluted first with the same buffer containing 3 M NaCl and then 3 M MgCl 2 . These two fractions obtained were combined, dialyzed against 20 mM Tris-HCl, pH 7.5, containing 0.1 M NaCl, concentrated and DNase and RNase activities of the fractions were assayed (see below).
Gel filtration of antibodies after acid shock
IgGs were incubated in 50 mM glycine-HCl (pH 2.6) containing 0.2 M NaCl for 30 min at 25°C. Separation of the IgGs under 'acid shock' conditions was done by FPLC gel filtration on a Superdex 200 HR 10/30 column (GE Healthcare) using 10 mM glycine-HCl (pH 2.6) as described previously (23) (24) (25) (26) . Fractions collected after the gel filtration were immediately neutralized, dialyzed against 20 mM Tris-HCl (pH 7.5) containing 0.02% NaN 3 and filtered through a 0.2-lm Millex syringe-driven filter. After a 3-to 6-day storage at 4°C, the fractions were used in the standard analysis of DNase or RNase activities (see above)
Determination of the kinetic parameters
The K m and V max (k cat ) values were calculated from the kinetic data by least-squares non-linear regression fitting using Microcal Origin v5.0 software and presented as linear transformations using a Lineweaver-Burk plot (31) . Errors in the K m and k cat values were within 10-30%.
Results
The total Ig fractions (IgG + IgM + IgA) were purified from the sera of individual rabbits by chromatography on Protein A-Sepharose under special conditions to remove non-specifically bound proteins (10, 11, (23) (24) (25) (26) . Then, IgGs were separated from IgA and IgM fractions by FPLC gel filtration after incubation with 2.5 M MgCl 2 dissociating strong non-covalent protein complexes. The homogeneity of the typical 150-kDa pIgG was confirmed by SDS-PAGE with silver staining, which showed a single band under non-reducing conditions anti-RNase antibodies 1033 and two bands corresponding to the heavy and light chains after antibody reduction (Fig. 1A) .
pIgGs from three control non-immunized rabbits and three animals immunized with pure BSA were catalytically inactive in the hydrolysis of RNA or DNA (Fig. 1) . We have estimated the relative RNase activities of pIgGs of three rabbits immunized with RNase-BSA conjugate from the slopes of the time courses at a fixed saturating concentration (0.2 mg ml À1 ) of poly(C) and poly(U), for example Fig. 1(C) . The relative specific activities of three IgGs in the hydrolysis of RNA were finally expressed as lM of poly(N) phosphodiester bonds cleaved for 1 h per 1 mg of pIgGs: pIgG1, 31.1 6 2.1; pIgG2, 42.3 6 3.1 and pIgG3, 49.6 6 3.9 (lM h À1 ) mg À1 in the hydrolysis of poly(C) and pIgG1, 10 6 1.0; pIgG1, 11.8 6 0.9 and pIgG1, 13.6 6 1.1 (lM h À1 ) mg À1 in the hydrolysis of poly(U). The pIgGs hydrolyzed poly(C) ;3.1-to 3.6-fold faster than poly(U). The type of scDNA hydrolysis did not depend on the antibody concentration and the rate of the hydrolysis linearly increased with the increase in IgG concentration and time of incubation. To quantitatively estimate the DNase activity, we have found a special concentration for each IgG preparation corresponding to the reaction of the first order where scDNA is converted into the relaxed form without formation of fragmented DNA during incubation and DNA hydrolysis within the linear regions of the time courses (for example, lanes  2-4, Fig. 1B) . The efficiency of DNA cleavage was calculated from the percentage of DNA in the bands of scDNA and relaxed DNA taking into account the relative amounts of DNA in these two bands for control reactions incubated in the absence of IgGs or with antibodies from healthy rabbits (lane 5, Fig. 1B) . The relative specific activities of three IgGs from rabbits immunized with RNase-BSA conjugate in the hydrolysis of DNA was finally expressed as nM of phosphodiester bonds of plasmid DNA cleaved for 1 h per 1 mg of pIgGs: IgG1, 25 6 1.6; IgG2, 33.0 6 2.1 and IgG3, 40.6 6 3.5 (nM scDNA h À1 ) mg À1 of IgGs. For all three rabbits, the relative RNase and DNase activities of pIgGs correlated well and hydrolysis of poly(C) proceeded 1.2-1.3 3 10 3 -fold faster than scDNA. A similar situation was observed for pIgGs from three rabbits immunized with pure pRNase, but the relative DNase and RNase activities of pIgGs from these rabbits were ;9-to 20-fold lower than those from animals immunized with the RNase-BSA conjugate, which agrees with a low immunogenicity of pRNase due to its small size (;14 kDa). Therefore, we have mostly analyzed catalytic properties of Abzs from rabbits immunized with RNase-BSA conjugate.
Application of the strict criteria
We applied a set of strict criteria worked out previously (2-6) for an analysis of nuclease activities as an intrinsic property of immunized rabbit IgGs. The most important of these are as follows: (i) the IgGs were electrophoretically homogeneous (Fig. 1A) , (ii) complete absorption of the nuclease activities by Sepharose-bearing mouse antibodies against rabbit IgGs led to a disappearance of the activities from the solution, and they must be eluted with an acidic buffer (pH 2.6; Fig. 2A ) (iii) FPLC gel filtration of IgGs using an acidic buffer (pH 2.6) did not lead to a disappearance of the activities, and the peaks of the activities tracked exactly with IgGs (Fig. 2B) .
One of the known criteria, the in situ observation of catalytic activity (the zymogram method) may be considered the strongest evidence unambiguously assigning observed catalytic activities to antibodies and not contaminating enzymes (13) (14) (15) (16) . To exclude possible artifacts due to hypothetical traces of contaminating nucleases, the IgGs were subjected to SDS-PAGE in the gel containing RNA or DNA and their RNase and DNase activities were detected by incubating the gel in the standard reaction buffer for hydrolysis of these substrates (Fig. 3) . Ethidium bromide staining of the gels after the electrophoresis and refolding of IgGs revealed a sharp dark band on a fluorescent background of RNA or DNA only in the case of IgGs from rabbit immunized with conjugate of RNase-BSA and there was no hydrolysis of nucleic acids by control antibodies from non-immunized rabbits or animals immunized with BSA. Control DNases I and pRNase also cleaved nucleic acids (Fig. 3) , but in positions with the electrophoretic mobility significantly higher (33-35 and 14 kDa, respectively) than intact pIgGs (150 kDa). Since SDS dissociates all protein complexes, the detection of the activity in the gel region corresponding only to intact IgGs together with the absence of any other band of the activity or protein (Fig. 3) provides a direct evidence that pIgGs hydrolyze both DNA and RNA and are not contaminated by canonical DNases or RNases.
Chromatography of IgG on DNA-cellulose
We have analyzed affinity of pIgGs for DNA by chromatography on DNA-cellulose (Fig. 4) . It is known that DNAcellulose can absorb not only anti-DNA antibodies but also antibodies against phospholipids, polysaccharides, cellsurface proteins, etc. demonstrating cross-reactivity with DNA (4, 5, 32) . Like in the case of healthy humans (5), a part of pIgGs from non-immunized rabbits (17-23% depending on the animal) interacted with DNA-cellulose, but all fractions eluted from the resin were catalytically inactive (Table 1) . Immunization of rabbit with the RNase-BSA conjugate led to an increase in the fraction of pIgGs interacting with DNAcellulose to 47-55%. Figure 4 demonstrates the data for pIgG2 preparation (55%); profiles of optical density and nuclease activities were similar for three different pIgGs. The pIgG2 fractions of the first peak (;45% of protein loaded on DNA-cellulose) with very low affinity to DNA did not possess detectable RNase activity but were active in the hydrolysis of DNA (peak 1, Fig. 4 ). The total DNase activity of IgGs was distributed between five peaks eluted during chromatography: ;6% (peak 1, loading buffer), ;67.5% (peak 2, 0.1 M NaCl), ;6.4% (peak 3, 0.5 M NaCl), ;11.3% (peak 4, 3 M NaCl) and ;8.8% (peak 5, pH 2.6) (Fig. 4, Table 1 ). At the same time, only IgGs of the second (42.1%) and third (57.9%) peaks demonstrated high activity in the hydrolysis of RNA (Fig. 4B) , while IgGs of other peaks were completely inactive in the hydrolysis of RNA (Table 1) . Interestingly, only IgG fractions corresponding to the tail of peak 3 efficiently hydrolyzed RNA and were completely inactive in DNA hydrolysis. Thus, immunization of rabbit with RNase can lead to production of Abz subfractions specifically hydrolyzing only DNA or only RNA. The nature of antibody with DNase and RNase activity corresponding to peak 2 and first fractions of peak 3 (Fig. 4) is difficult to define unequivocally. It was shown that monoclonal mouse SLE IgGs against B-DNA of different sequences hydrolyze RNA ;30-to 100-fold faster than DNA (27) . One cannot exclude that pIgGs against RNase corresponding to peak 2 and several fractions of peak 3 can also effectively hydrolyze both RNA and DNA. At the same time, pIgGs of peaks 2 and 3 can be a cocktail of pIgG subfractions hydrolyzing only RNA, only DNA and chimeric Abzs with both of these activities.
Chromatography of IgG on anti-RNase-Sepharose
It was shown that immunization of rabbits with DNase I leads to the production of anti-idiotypic IgGs with the DNase activity (22) . We proposed that immunization of rabbits with RNase can lead to a formation of anti-idiotypic IgGs against RNase A. To address this possibility, we first have obtained idiotypic antibodies against RNase by chromatography of homogeneous IgG preparations purified from the sera of rabbit immunized with RNase-BSA conjugate on Sepharose bearing the immobilized RNase-BSA conjugate. It was shown that ;3.3% of total polyclonal antibodies can be bound to this affinity sorbent. These antibodies were completely inactive in the hydrolysis of DNA or RNA and were used to prepare Sepharose-bearing immobilized polyclonal idiotypic anti-RNase antibodies. Affinity chromatography of pIgGs from three rabbits on anti-RNase-Sepharose led to adsorption of only 0.6-0.8% of total IgGs, and this small fraction of anti-idiotypic IgGs against RNase contained 78-85 and 74-80% of the total DNase and RNase activities, 
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. The average error in the initial rate determination from two experiments in each case did not exceed 7-10%. respectively, applied on the column (Fig. 5) . The flowthrough pIgG fractions contained 15-22 and 20-26% of the DNase and RNase activities, respectively, of the total IgGs loaded on the affinity column. After reloading of these fractions on the same anti-RNase-Sepharose, these activities were again eluted in the first flow-through peak and there was no protein peak or activity after washing the column with 3 M MgCl 2 , the conditions that destroy immune complexes. These data suggest that ;74 to 85% of the DNase and RNase activity most probably corresponds to the second anti-idiotypic IgGs to the active site of RNase A. At the same time, 15-26% of nuclease IgGs had no affinity for the sorbent containing immobilized idiotypic anti-RNase antibodies. On one hand, one cannot exclude that this fraction of antibodies also contains anti-idiotypic IgGs against the active site of RNase A, but the affinity of these IgGs for anti-RNase antibodies is very low and therefore they cannot be bound efficiently to the affinity column. The phenomenon of low affinity of Abzs for their antigens and/or substrates was observed previously for Abzs specifically hydrolyzing DNA, MBP and milk casein, most of which have low affinity for their immobilized substrates and 20-45% of the total activity of which is eluted in the flow-through antibody fraction (25, 33, 34) . However, it is also possible that the IgG fraction with no affinity for anti-RNase antibodies does not contain anti-idiotypic IgGs to RNase.
RNase A is known to hydrolyze only RNA but can interact specifically with RNA and non-specifically with DNA. Immunization of animals with DNA or RNA and especially their complexes with proteins usually leads to the production of anti-DNA and anti-RNA antibodies (35) (36) (37) (38) . Anti-DNA-protein and anti-RNA-protein complexes and other anti-nuclear antibodies are found in the sera of patients with multisystem connective tissue disease (39) . Thus, one cannot exclude that RNase in the RNase-BSA conjugate can interact with RNA and DNA and induce the formation of anti-RNA and/or anti-DNA antibodies, which could not have affinity for antiRNase antibodies, but can be catalytically active.
Enzymic properties of nuclease Abz
In contrast to metal-independent DNase II (40), pIgGs similar to DNase I (41) hydrolyze DNA only in the presence of Mg
2+
. DNase I hydrolyzes scDNA forming a significant fraction of a linear form of DNA in the presence of Mg 2+ (41) . In contrast to DNase I, rabbit DNase pIgGs before and after chromatography on DNA-cellulose were not able to produce a linear form of DNA, and the type of scDNA hydrolysis did not depend on the antibody concentration.
The substrate specificity of five known mammalian serum RNases is similar to pRNase A and four of them hydrolyze . After electrophoresis, the gels containing thymus DNA (A) or yeast RNA (B) were incubated under special conditions for protein refolding and hydrolysis of nucleic acids (see 'Methods'). Then, the nuclease activities were visualized by ethidium bromide staining of the gels (lanes 1-6) . In each experiment, the longitudinal slices of the same gel were used for Coomassie R250 staining to reveal the positions of IgG bands (lane 1) and protein molecular mass markers (lane C). . The average error in the initial rate determination from two experiments in each case did not exceed 7-12%. poly(C) better than poly(U), while the fifth one prefers poly(U); poly(A) and poly(G) are worse substrates (42) . cCMP is a very good substrate for all five blood RNases. Similar to known RNases, pIgGs before and after fractionation on DNA-cellulose hydrolyze better poly(C) and then poly(U), but in contrast to canonical RNases, they were completely inactive in the hydrolysis of poly(A) and poly(G). A detectable hydrolysis of cCMP was not revealed even after 18 days of the reaction mixture incubation (data not shown). These data show that rabbit pIgGs catalyze only the formation of RNA containing terminal cyclic phosphate intermediate and cannot catalyze its hydrolysis. Thus, the properties of the RNase and DNase pIgGs from rabbits immunized with RNase distinguished them from all known canonical RNases and DNases.
We have measured the K m and k cat values for substrates using non-fractionated pIgG2 and its different fractions after chromatography on DNA-cellulose ( Table 1 ). The initial rate data obtained at increasing scDNA concentration for pIgGs corresponding to peaks 1-5 (for example, Fig. 6 ) were consistent with Michaelis-Menten kinetics ( Table 1 ). The affinity of IgGs for scDNA (in terms of K m values) increased gradually with the increase in NaCl concentration; for pIgGs eluted with 3 M NaCl (Fig. 4, peak 4 ) and acidic buffer (peak 5), it was ;20-to 30-fold higher (Table 1 ) than for pIgG of major fraction eluted with 0.1 M NaCl (67.5% of total activity, peak 2 of Fig. 4A ). The apparent k cat values characterizing IgGs of peaks 1 and 3-5 were ;10-to 26-fold lower than that for the major IgG fraction (peak 2 of Fig. 4, Table 1 ). These data are indicative of catalytic and affinity heterogeneity of nonfractionated pIgG. Therefore, the dependence of the initial rate upon scDNA concentration for non-fractionated pIgGs should not be consistent with Michaelis-Menten kinetics and should be a sum of several hyperbolic curves corresponding to different IgG subfractions, but contribution of some of them to the total curve may be small or give average values of comparable K m and k cat . Figure 6 (B) demonstrates the obviously biphasic character of the V/[S] dependence for total non-fractionated pIgGs. Using computer program, this curve can be decomposed into two hyperbolic curves (Fig. 6B) , one of which corresponds to the K m value (15.4 6 3.7 nM) comparable with that for the major fraction of IgGs (peak 2 of Fig. 4A ), when the second K m value (1.0 6 0.4 nM) is closer to the K m values for IgG subfractions with the highest affinity (peaks 4 and 5; Table 1 ). The k cat values corresponding to these two curves are lower than those for the isolated IgGs fractions (Table 1 ) and they agree with the relative contents and specific activities of five IgG subfractions isolated by affinity chromatography.
The relative specific activity of the IgG2 fraction eluted with high salt from Sepharose-bearing immobilized anti-RNase antibodies was 122-fold (k cat ;7.2 3 10 À3 min À1 ) higher than that of the non-separated initial IgG preparation.
Interestingly, the dependencies of the initial rate upon RNA concentration were consistent with Michaelis-Menten anti-RNase antibodies 1037 kinetics and there was no detectable difference in the affinity of poly(C) for non-fractionated pIgGs and antibodies corresponding to peaks 2 and 3 (Fig. 6C, Table 1 ). In addition, IgGs of peaks 2 (0.39 min À1 ) and 3 (0.69 min À1 ) demonstrated the apparent k cat values 3.2-to 5.8-fold higher than that for non-fractionated pIgGs (0.12 min À1 ), agreeing well with the separation efficiency of these fractions. Nonfractionated pIgGs demonstrate a ;6-to 7-fold lower affinity for poly(U) (K m = 96.7 6 18.0 lM) than for poly(C) ( Table 1) and hydrolyze poly(C) ;3.5-fold faster than poly(U) (k cat = 0.034 min À1 ). The relative specific activity of RNase IgG2 fraction eluted with high salt from Sepharose-bearing immobilized antiRNase antibodies was ;116-fold (k cat ;14 min À1 ) higher than that of the non-separated initial IgG preparation. At saturating concentrations of yeast total RNA, the specific activity of nonfractionated pIgGs was ;0.054% of bovine pRNase A activity (100%), while after separation on anti-RNase antibodies it increased to 6.5%.
Discussion
The data reported in this paper provide strong evidence that RNA-and DNA-hydrolyzing activities are intrinsic properties of IgG derived from sera of rabbits immunized with RNase A: they are not due to co-purifying enzymes and show biochemical properties quite different from known enzymes.
Fractionation of rabbit anti-RNase pIgGs on DNA-cellulose has shown a very surprising result demonstrating that three of five fractions of antibodies raised against RNase can hydrolyze only DNA (peaks 1, 4 and 5, Fig. 4 ). Only two fractions (2 and 3) hydrolyzed RNA faster than DNA and only IgG fractions corresponding to the tail of peak 3 efficiently hydrolyzed RNA and were completely inactive in DNA hydrolysis. These data indicate that immunization of rabbits with RNase can lead to the formation of many different fractions of Abzs hydrolyzing only DNA or only RNA and, most probably, some of them similarly to monoclonal anti-DNA antibodies (26) can hydrolyze both substrates, but it is difficult to separate these fractions with different catalytic properties.
The data in Fig. 4 and the Table 1 show that non-fractionated pIgGs contain at least five subfractions characterized by different K m and k cat values. In this case, the dependencies of V/[scDNA] may not be consistent with simple Michaelis-Menten kinetics and should be a sum of five hyperbolic curves (31) . However, the contribution of some of them to the total hyperbolic curve may be small or give average values if the difference in K m and k cat values corresponding to these curves does not exceed 4-to 5-fold. Figure 6 (B) demonstrates that the dependence of V/[scDNA] for non-fractionated pIgGs is biphasic; this curve was decomposed by computer fitting into two hyperbolic curves, one of which corresponds to the K m value (15.4 6 3.7 nM) comparable with that for the major fraction of IgGs (peak 2 Fig. 6 . The dependencies of the initial rates of scDNA hydrolysis upon the scDNA concentration for pIgGs fraction (35.8 nM) eluted from DNAcellulose with 3 M NaCl (A) and for non-fractionated total IgGs (45 nM) (B). The experimental curve was decomposed by computer-aided fitting to two hyperbolic curves (theor-1 and theor-2 curves). Determination of the K m and V max values for poly(C) (C) from a Lineweaver-Burk plot; curves 1 and 2 correspond to IgG before (1.33 lM) and after (0.5 lM) its separation (eluted by 0.5 M NaCl) on DNA-cellulose. Reactions were performed as described in Methods.
of Fig. 4A ), while the second K m value (1.0 6 0.4 nM) is closer to the K m values for IgG subfractions with the highest affinity (peaks 4 and 5; Table 1 ). The k cat values corresponding to these two curves (Table 1) agree with the relative contents and specific activities of five IgG subfractions isolated by affinity chromatography.
Interestingly, in contrast to canonical RNases (42) and antibodies from the sera of AI patients (13-16, 23, 24) , rabbit RNase pIgGs and their separated subfractions cannot hydrolyze poly(G), poly(A) and cCMP. It is known that catalysis of RNA cleavage and following hydrolysis of the terminal 2#,3#-cyclophosphate intermediate are effected by the imidazole rings of two histidine residues in the active site of RNase A (42) . Active sites of rabbit RNase pIgG may contain only one histidine residue, only sufficient for the catalysis of the first step of RNA hydrolysis. This assumption is in agreement with the observation that introduction of one histidine residue into the variable part of the light chain of Jel-103 mAb specifically interacting with poly(rI) converts its into an Abz that hydrolyze poly(rI) (43 ) estimated from d(pN) [10] [11] [12] [13] hydrolysis by polyclonal Abzs from patients with SLE and from human milk (23, 24, 26) . At the same time, the k cat values characterizing rabbit IgG-dependent hydrolysis of scDNA are comparable with those for known artificial Abzs (1) obtained by immunization of healthy non-AI animals, while k cat values for hydrolysis of RNAs (Table 1) and especially of IgG fraction purified on anti-RNase-Sepharose (;14 min À1 ) are comparable with those for known natural RNase Abzs in the hydrolysis of poly(N) (1.4-2.5 3 10 À2 min
À1
), the k cat (3 3 10 À3 -5.8 min
) values characterizing the hydrolysis of different r(pN) [10] [11] [12] [13] by pIgGs and IgMs from SLE patients (23, 24) and from the milk of healthy mothers (26) , but lower than those for RNases from human sera (k cat = 26-37 min À1 ) (23, 24) . Since immunization of AI mice results in a dramatically higher incidence of Abzs with a higher activity than in conventionally used normal mouse strains (48, 49) , the formation of antibodies characterized by higher k cat values in animals and humans with AI diseases is not surprising. In addition, since the pool of pIgGs usually contains <1-7% Abzs with any known enzymic activity (2-5) and affinity chromatography on DNA-cellulose does not separate catalytically active and inactive pIgGs, the k cat values characterizing specific subfractions of rabbit DNase and RNase Abzs can be significantly higher than estimated here using the total concentration of non-fractionated pIgG or its partially separated fractions (Table 1) . Obviously, even after affinity chromatography on anti-RNase-cellulose, the purified IgG fractions demonstrating 116-to 122-fold higher RAs contain not only Abz molecules but also catalytically inactive anti-idiotypic antibodies to epitopes different from the active site of RNase A.
The data reported here provide a strong evidence that RNase and DNase activities are intrinsic properties of IgG derived from sera of rabbits immunized with RNase and RNase-BSA conjugate. It means that polyclonal Abzs from AI patients, which hydrolyze both DNA and RNA may contain not only subfractions of antibodies to DNA (2-5) but also anti-idiotypic antibodies to RNase and its complexes with different proteins and enzymes. One cannot exclude that anti-idiotypic antibodies to RNase are capable of hydrolyzing either DNA or RNA or, similarly to mouse monoclonal IgGs against DNA (27) , can possess combined specificity allowing hydrolysis of both DNA and RNA by the same antibody molecule. 
